On the basis of previous results from this laboratory, this study tested the hypothesis that ground beef high in MUFA and low in SFA would increase the HDL-cholesterol (HDL-C) concentration and LDL particle diameter. In a crossover dietary intervention, 27 free-living normocholesterolemic men completed treatments in which five 114-g ground beef patties/wk were consumed for 5 wk with an intervening 4-wk washout period. Patties contained 24% total fat with a MUFA:SFA ratio of either 0.71 (low MUFA, from pasture-fed cattle) or 1.10 (high MUFA, from grain-fed cattle). High-MUFA ground beef provided 3.21 g more 18:1(n-9), 1.26 g less 18:0, 0.89 g less 16:0, and 0.36 g less 18:1(trans) fatty acids per patty than did the low-MUFA ground beef. Both ground beef interventions decreased plasma insulin and HDL 2 and HDL 3 particle diameters and increased plasma 18:0 and 20:4(n-6) (all P # 0.05) relative to baseline values. Only the high-MUFA ground beef intervention increased the HDL-C concentration from baseline (P = 0.02). The plasma TG concentration was positively correlated with the plasma insulin concentration (r = 0.40; P , 0.001) and negatively correlated with HDL-C (r = 20.47; P , 0.001) and plasma 18:0 (r = 20.24; P , 0.01). Plasma insulin and HDL diameters were not correlated (r = 0.01; P . 0.50), indicating that reductions in these measures were not coordinately regulated. The data indicate that dietary beef interventions have effects on risk factors for cardiovascular disease that are independent (insulin, HDL diameters) and dependent (HDL-C) on beef fatty acid composition.
Introduction
Small, dense LDL particles are recognized as a risk factor for cardiovascular disease (CVD), 7 because small LDL particles are more susceptible to oxidative damage (1) and promote vascular inflammation (2) . We previously reported that a high-SFA intact beef and ground beef intervention had no effect on LDLcholesterol (LDL-C) but increased the apoB:LDL-C concentration ratio in hypercholesterolemic men relative to baseline values (3) , suggesting that LDL particles became smaller and more dense. Similarly, the high-SFA beef intervention had no effect on HDL-cholesterol (HDL-C) concentration but increased the apoA 1 :HDL-C ratio, suggesting smaller HDL particles (3). It could not be determined from the earlier study if these effects were due to the increase in dietary beef consumption or were caused by the SFA contained in the beef. In a recent report from our laboratories (4), we demonstrated that hypercholesterolemic men had increased risk for CVD following consumption of hamburger patties high in SFA and trans-fatty acids (TFA) (4) . Specifically, the hamburger high in SFA and TFA decreased the HDL-C concentration and LDL particle diameter while increasing the plasma TG concentration. Rotating the men to hamburger high in MUFA increased the HDL-C concentration and reduced TG to baseline values. Other research from one of our laboratories (5) demonstrated that reducing total fat in the diet from 33 to 14% energy intake increased plasma TG and decreased the HDL-C concentration in postmenopausal women. Diets in that earlier study were strictly controlled and fat in the diet was replaced with carbohydrate. The decrease in dietary fat and concomitant increase in carbohydrate caused an increase in VLDL particle diameter with no effect on LDL or HDL particle diameters (5) .
There is convincing evidence that HDL-C concentration is negatively associated with risk for CVD (6, 7) . Additionally, Arsenault et al. (8) demonstrated that individuals with small HDL particle diameters plus a low HDL-C concentration are at increased risk for CVD, as assessed by their cardio-metabolomic risk profiles; HDL-C concentration was the best correlate of HDL particle diameter in men (r = 0.58; P , 0.001) and women (r = 0.62; P , 0.001). Although we have demonstrated that beef products high in SFA and TFA can reduce LDL particle diameter (3, 4) , we are unaware of any studies that have addressed the effects of different ground beef formulations on HDL particle diameter or other risk factors for CVD.
This study tested the hypothesis that ground beef high in MUFA would increase HDL-C and LDL particle diameter, effects that would not be caused by ground beef low in MUFA. To address this hypothesis, we measured the effects of ground beef of a common total fat content (24% total fat) from pasture-and grain-fed cattle. Beef fat and lean trimmings from pasture-fed cattle were used, because they contain greater concentrations of SFA, TFA, and a-linolenic acid [ALA, 18:3(n-3)] than does beef from grain-fed cattle (9, 10) . Conversely, beef fat and lean trimmings from grain-fed cattle contain higher proportions of oleic acid [18:1(n-9)] than beef trimmings from pasture-fed cattle (9,10).
Methods
Approval. The study was conducted according to the Declaration of Helsinki guidelines. All procedures involving human participants were approved by the Texas A&M University Institutional Review Board for use of human participants in research (protocol no. 2005-0435). Written consent was obtained from all participants.
Participants and study design. Healthy, nonsmoking males between the ages of 23 and 60 y were screened for eligibility. The 30 participants selected were not consuming restrictive diets or medications. Family histories were obtained as part of a complete physical examination that included a treadmill exercise test with an electrocardiogram. Baseline blood chemistries were analyzed by a local laboratory (St. Joseph's Hospital) and all blood chemistries were within normal ranges as defined by the testing laboratory. All participants were free living and were instructed to maintain routine activities and body weight (62.2 kg of entry weight). Exercise and physical activities were not restricted, but participants were requested not to change their habitual level of physical activity. Twenty-seven of the initial 30 participants completed the study. Of the 3 noncompleters, 1 had a reoccurrence of a previous illness, another relocated, and data from the 3rd was omitted following baseline samples that showed high TG concentrations (.5 mmol/L).
A 2-period, randomized cross-over design was used. Each participant completed two 5-wk diet interventions in a randomly assigned order with a 4-wk washout period between the test diet interventions. The men consumed 5 ground beef patties per week for 5 wk during each dietary intervention (25 patties of each type for each ground beef intervention). The 2 interventions were low-MUFA ground beef and high-MUFA ground beef.
To facilitate product distribution and blood sampling, participants were assigned to 1 of 2 groups, which were balanced with regard to age, body weight, and total cholesterol concentration at the initial screening. Group 1 began the study 2 wk before group 2. Both groups rotated through both test diets, but the pattern in which they crossed over differed between groups. Therefore, crossovers included all possible rotation sequences. Body weights were recorded weekly during the test phases and body composition was measured by DEXA at the initial screening and at the completion of the study.
Diet records. Diet records were obtained to establish baseline observations and encourage compliance to guidelines to consume 1 patty daily, 5 times each week for 5 wk. Participants completed a 3-d diet record before the diet interventions and once during each intervention. Records included 1 weekend day. Daily intake of major nutrients and dietary exchanges was analyzed by a registered dietitian using Nutritionist Pro, version 3.5 (Axxya Systems). Fat loss during cooking was included in calculations of fat intake and dietary exchanges.
Source of raw materials. Cattle grazed on native pasture or were fed grain-based diets specifically to produce ground beef with a MUFA:SFA ratio of 0.70 or 1.10, representing pasture-fed and intensively grain-fed ground beef, respectively (4, 11) . Twelve Angus steers were purchased as calves at 8 mo of age, transported to the Texas AgriLife Research Center in McGregor, TX, and fed Coastal burmudagrass hay (9.5% crude protein) free choice for 8 d. Six steers then were fed a high-energy, cornbased diet that contained per kg (as-fed basis): 480 g ground corn, 200 g ground sorghum, 150 g cottonseed hulls, 65 g molasses, 60 g cottonseed meal, 30 g limestone, trace mineral salt (NaCl, 98%, Zn, 0.35%, Mn, 0.28%, Fe, 0.175%, Cu, 0.35%, and I, 0.007%), vitamin premix (66 mg all-trans retinol, 28 mg cholecalciferol, and 147 mg RRR-a-tocopherol) and 25 mg of monensin/kg of feed (Elanco Animal Health) (12) . The remaining 6 steers grazed on Coastal burmudagrass pasture and were offered free choice Coastal burmudagrass hay supplemented with nonprotein nitrogen (as urea). The pasture-fed and grain-fed steers were fed for 228 d (to 16 mo of age), after which they were transported to the Texas A&M University Rosenthal Meat Science and Technology Research Center, College Station, for processing. Carcasses from the pasture-fed steers graded USDA low Select and carcasses from the grainfed steers graded USDA low Choice ( Table 1) .
Preparation of ground beef. This study was designed to compare the effects of low-MUFA and high-MUFA ground beef that was formulated to contain the same total fat. To accomplish this, fat and lean trims were obtained from carcasses that were fabricated at the Texas A&M Rosenthal Meat Science & Technology Center, Texas A&M University. Fat and lean trims from the plate and flank of the carcasses were combined at the appropriate ratios to yield 24% total fat. Ground beef patties (114 g, 4 oz.) were formed with an automated patty maker, frozen to 2208C, and individually vacuum-packaged. The final MUFA:SFA ratios of the low-MUFA and high-MUFA ground beef patties were 0.71 and 1.10, respectively. Each low-MUFA ground beef patty contained 2.5 g more SFA and 3.4 g less MUFA than did the high-MUFA patties (Table 1) . Also, each low-MUFA patty contained 37 mg more total 18:1 (trans) fatty acids and 60 mg more ALA than did the high-MUFA ground beef patties. On the day of the initial blood sampling, each participant received an unlabeled box containing all 25 patties for the first 5-wk period. A new box of 25 patties was provided at the beginning of the subsequent intervention period. No restrictions were placed on how the beef was to be prepared, but participants were instructed to consume all of the beef from a single patty at 1 meal.
Collection and analysis of blood samples. Prior to the initiation of the dietary treatments and at the end of each diet phase and after 5 min of seated rest, blood was collected from the participants into EDTA vacutainers from a vein in the antecubital fossa using standard phlebotomy procedures. Plasma was harvested from the blood collected with EDTA and lipoproteins preserved in plasma (13) prior to lipoprotein separation using density gradient ultracentrifugation employing human density intervals (14) . Determination of HDL 2 , HDL 3 , and LDL lipoprotein diameters (14, 15) was by nondenaturing gradient gel electrophoresis (16) . Particle diameters were determined by comparison with migration distances of standard proteins of known hydrated diameter (High Molecular Weight Standards, Amersham Pharmacia) (17) . Plasma total lipoproteins isolated as the d , 1.2 kg/L fraction of plasma were separated on the basis of diameter with a gel-filtration chromatographic system (18) to determine the relative distribution of plasma total cholesterol among VLDL, LDL, and HDL lipoprotein classes. Concentrations of total cholesterol, TG, and glucose in plasma were determined by separate enzymatic assays (Sigma Chemical).
Concentrations of serum insulin (Millipore) and serum high sensitivity CRP (hs-CRP) (Alpha Diagnostic International) were assayed using commercially available ELISA kits according to the manufacturers' instructions.
Fatty acid composition of plasma and test ground beef. Plasma fatty acids and the fatty acid composition of every batch of ground beef (n = 3 for each ground beef type) were measured. Total lipid was extracted and methylated (19, 20) . We analyzed FAME with a Varian gas chromatograph (model CP-3800 fixed with a CP-8200 autosampler) equipped with a fused silica capillary column CP-Sil88 (100 m 3 0.25 mm i.d.) (Chrompack) (11) . Individual FAME were identified using genuine standards (Nu-Chek Prep) and response factors were calculated using commercially available methyl esters of palmitic, oleic, linoleic, and arachidonic acid from the same manufacturer. Data are expressed as mmol fatty acid/100 mmol total fatty acids or as g fatty acids/114 g ground beef patty.
Statistical analysis. We compared nutrient and dietary exchange data and final plasma glucose, lipids, insulin, hs-CRP, lipoprotein particle diameters, and fatty acids to their corresponding baseline values by paired t test. Data were tested for unequal variance by the BreuschPagan/Cook-Weisberg test for heteroscedasticity (SAS version 9.1.2) to test the null hypothesis that the error variances were all equal. Values for changes from baseline for the low-and high-MUFA treatment groups (Fig. 1) were compared by 1-way ANOVA, with ground beef type as the treatment effect. Associations among plasma analytes were assessed using Pearson correlation coefficients. P-values were considered significant at P # 0.05.
Results
Nutrient and dietary exchange intake and morphological measurements. Dietary records indicated no significant differences in energy intake or intakes of protein, carbohydrate, cholesterol, total fat, linoleic acid [18:2(n-6)], or ALA between the low-and high-MUFA groups ( Table 2) . Although the in- 
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jn.nutrition.org crease in total fat intake was not significantly different from baseline values, SFA intake was greater when participants consumed low-MUFA ground beef, whereas MUFA and oleic acid intakes were greater when participants consumed the high-MUFA ground beef. Differences in total TFA intake could not be evaluated due to inadequate food database documentation. However, TFA intake from the beef patties was greatest while consuming the low-MUFA beef, which contained 1.28 g TFA/ patty, and least while consuming the high-MUFA ground beef, which contained 0.92 g TFA/patty (Table 1) . When diets were characterized as dietary exchanges, only the intake of high-fat meat changed between the habitual and test diets (from 0.5 tõ 1.5 exchanges/d) ( Table 2 ). The increase in intake of high-fat meat was sufficiently offset by reduced intake of medium-fat meat so that there was no significant difference in total meat intake, although SFA intake increased for both ground beef interventions. Body weight, BMI, android fat, gynoid fat, and total body fat were unchanged over the duration of the study ( Table 3) .
Plasma values. The high-MUFA ground beef intervention increased HDL-C concentration and decreased the plasma LDL-C:HDL-C ratio and insulin concentration relative to baseline values (P , 0.05) ( Table 4) . Also, the increase from baseline in the HDL-C concentration was greater (P , 0.05) after consumption of the high-MUFA ground beef than after the low-MUFA ground beef (Fig. 1) . There was no effect of the ground beef interventions on TG, total cholesterol, or LDL-C concentration. The ground beef interventions did not affect LDL particle diameter, but both ground beef interventions decreased HDL 2 (P , 0.05) and HDL 3 (P , 0.001) particle diameters. Both ground beef interventions increased plasma stearic acid (18:0) (P , 0.05) and arachidonic acid [20:4(n-6)] (P , 0.001) ( Table 4) .
Simple correlations. Simple correlations were calculated for measurements taken over the course of the study and the correlations were calculated across all baseline and final plasma lipid concentrations and lipoprotein particle diameters. LDL particle diameters and plasma concentrations of HDL-C, stearic acid, linoleic acid, and arachidonic acid were significantly, negatively correlated with TG concentrations (Table 5) . Plasma concentrations of LDL-C, insulin, palmitic acid (16:0), palmitoleic acid [16:1(n-7)], oleic acid, and ALA were significantly, positively correlated with TG concentrations. The HDL-C concentration was significantly, positively correlated with LDL and HDL 2 diameters and linoleic acid concentration and negatively correlated with insulin, palmitoleic acid, oleic acid, and ALA. HDL 2 particle diameter was highly correlated with HDL 3 particle diameter. Plasma stearic acid concentrations were positively correlated with LDL diameters, whereas plasma arachidonic acid concentrations were negatively correlated with LDL diameters.
Discussion
To avoid the confounding effects of total fat intake and fatty acid composition, ground beef from both the pasture-fed cattle and the grain-fed cattle was formulated to contain the same amount of total fat, i.e. 24%. At least 40% of per capita beef consumption in the US. (30 kg/y) is consumed as ground beef, and low-income households consume more ground beef per capita than do high-income households (21) . Unlike intact cuts of beef, ground beef is fabricated to a specific fat level, which can be as low as 3% total fat to an upper legal limit of 30% total fat (22) . Statistics from July 2009 to July 2010 indicate that 31.4% of ground beef consumed in the US contained 22-30% fat, whereas the next 34.8% of ground beef consumed contained 16-22% fat (23) . In contrast, ground beef containing #10% fat comprised ;18.8% ground beef consumption for that period (23) .
Although the nutrient intake of the men was not strictly controlled, it was carefully monitored. Very few food restrictions were placed on the participants either during the test periods other than that the ground beef patties replaced an equal portion of meat (beef or otherwise) that they normally would have consumed. Dietary records indicated that the participants generally consumed the ground beef patties intact and usually included them in their noontime meals. This encouraged compli- ance and allowed us to evaluate the effects of the test ground beef patties in a more likely, i.e. free-living, setting. Each ground beef patty contained~29 g of total fat, but dietary records indicated that individuals eating either beef patty type consumed only 10 g/d more total fat than they consumed in their habitual diets; the increase in total fat intake from habitual values was not significant. Previous work from our laboratory demonstrated that as much as 50% of the fat in ground beef containing 25% total fat was lost during cooking regardless of the cooking method (24) . Also, the ground beef replaced other meat sources in the diet, so total fat contribution to the diet by the ground beef interventions was expected to be much less than the amount of fat in the raw ground beef patties. Despite this, individuals in the low-MUFA ground beef group consumed 9 g/d more saturated fat and those in the high-MUFA ground beef group consumed 6 g/d more saturated fat than during the baseline periods.
Both ground beef interventions increased plasma stearic acid, suggesting depressed hepatic stearoyl-CoA desaturase-1 (SCD1; D9-desaturase) activity. Hepatic SCD1 activity supports TG synthesis (25, 26) , and SCD1 gene expression and catalytic activity are increased by dietary stearic acid and depressed by dietary oleic acid in mice (27) . The negative correlation between plasma stearic acid and TG, and positive correlations between oleic acid and palmitoleic and oleic acid and TG, suggest that hepatic SCD1 activity regulates plasma TG. These results are similar to effects seen in men consuming additional amounts of dairy fat (28) , albeit specific mechanisms underlying the effects may differ.
The ground beef interventions increased plasma arachidonic acid, which was negatively correlated with plasma TG, insulin, and LDL diameters. Cao et al. (29) reported that both arachidonic acid and palmitoleic acid depressed hepatic SCD1 promoter activity, but only adipose tissue-derived plasma palmitoleic acid was associated with increased systemic insulin sensitivity in mice. In our human population, the plasma concentration of palmitoleic acid was highly and positively correlated with plasma TG (r = 0.37) but was not correlated with plasma insulin (r = 0.03). Thus, in this study, the plasma palmitoleic acid we measured either was not derived from adipose tissue or adipose tissue-derived palmitoleic acid does act as a lipokine in humans as it does in mice.
To our knowledge, the current and previous studies (4) are the only investigations in which the effect of beef interventions on lipoprotein LDL particle diameters has been reported. Previously, Sjogren et al. (30) reported that the proportion of small, dense LDL particles, which are associated with increased risk of CVD (31) , was less in Swedish men who consumed a greater proportion of milk-derived fatty acids. The strongest negative association between the proportion of small, dense LDL particles and diet content of milk-derived fatty acids was for the combination of SFA with 4-10 carbons (r 2 = 0.30). Although these SCFA are abundant in milk, they are essentially absent in beef. It is more likely that other fatty acids in beef, especially TFA, may be responsible for the depression in LDL particle diameters we observed in our previous study (4) .
The current study demonstrated very clear reductions in HDL 2 and HDL 3 particle diameters that were independent of ground beef fatty acid composition. The effects of changes in HDL particle diameter on reverse cholesterol transport are equivocal, because HDL functionality appears to be independent of HDL-C concentration [reviewed in (32) ]. We observed a significant, positive correlation between HDL 2 particle diameter and HDL-C concentration in the current study, suggesting that larger HDL 2 may be cardioprotective. The effects of the ground beef interventions on HDL particle diameters and LDL-C concentrations were similar to those of fenofibrate treatment in low-HDL patients (33) ; similar to the ground beef intervention, fenofibrate decreased HDL diameter without affecting the LDL-C concentration. Fenofibrate also increased LDL diameters and decreased TG (34), but LDL diameters and TG were not significantly changed by the beef interventions in the current study.
Mente et al. (35) conducted a systematic search for prospective cohort studies or randomized trials investigating dietary exposures in relation to CVD. They found strong evidence to support valid associations of protective factors for dietary MUFA but insufficient evidence for total fat, SFA, PUFA, or ALA. The low-MUFA ground beef of this study had 3 times the ALA of the high-MUFA ground beef, i.e. 90 vs. 30 mg/ground beef patty, but the greater ALA content of the pasture-fed ground beef had no significant effect on the daily ALA intake. Our data indicated that plasma ALA, EPA [20:5(n-3)], and DHA [22:6(n-3)] concentrations were not affected by the ground beef interventions. The current DRI for macronutrients recommends daily intakes of 1100 mg and 1600 mg ALA for adult women and men, respectively. Thus, the 114-g ground beef patty from pasture-fed cattle provided ,10% of the DRI for ALA, although it contained 24 g of total fat. These data argue strongly that ground beef from pasture-fed cattle does not provide enough ALA to have any effect on the metabolism of (n-3) fatty acids.
The amount of ALA in beef is much less than the amount of ALA provided to human participants in the form of flaxseed, margarine, or walnut oil (1-2 g/d) (36) (37) (38) . Thus, although supplementary ALA can lower plasma TG (37) and hs-CRP (38) concentrations, these effects did not occur with consumption of amounts of ALA provided by ground beef from pasture-fed cattle, despite the frequency and duration of ground beef intake (5 times/wk for 5 wk). Importantly, the outcomes from the present study were drawn from individuals consuming ground beef representative of the range of fatty acid composition that is readily available to consumers (4,11). General considerations. There is convincing evidence that high-MUFA diets, and especially diets high in oleic acid, can lower LDL-C and TG concentrations (6, 7) . Furthermore, studies that have included elevated beef intake have not demonstrated an increase in LDL-C concentration (3, 4, 39, 40 , this study). We now demonstrate that high-MUFA ground beef increases HDL-C concentration, but both high-and low-MUFA ground beef depress HDL 2 and HDL 3 particle diameters. It is noteworthy that the magnitude of the effect of high-MUFA ground beef in increasing HDL-C concentration (~0.08 mmol/L) is essentially the same as that reported in a review by Kris-Etherton and Yu (41) of the effects of high-oleic acid vegetable oils on HDL-C concentration in human studies. What cannot be ascertained from this study is if the reduction in HDL particle diameters was caused by the fat provided by the ground beef or was caused by some nutrient or nutrients contained in the lean component of the ground beef. It also is not known at present if decreased HDL 2 and HDL 3 diameter is indicative of elevated or reduced risk for CVD.
